A systematic study of the spiral form bacterial flora of oxidation ponds has been made. Three known species, namely Spirillum itersonii, S . serpens and S. volutans, were constantly found. A primary enrichment medium for S . volutans from natural sources is given. A new species has been isolated; its main characters are : strictly aerobic, catalase-positive, does not grow under anaerobic conditions in the presence of nitrate, forms microcysts, differs in carbon-source utilization from previous described species. The species has been named Spirillum peregrinum.
INTRODUCTION
With the exception of a few members of the genus SpiriZZum Ehrenberg (Carter, 1888; Cayton & Preston, 1955) all the species so far studied have been isolated from various sources of fresh and salt water containing organic matter (Lewis, 1940; Myers, 1940 ; Williams & Rittenberg, 1957) . Freshwater ponds containing large quantities of organic matter were established when domestic sewage was treated by the oxidation pond system of sewage purification, and it was therefore expected that various species of this genus would be present in such ponds. Apparently a systematic investigation of the spiral form bacterial population of oxidation ponds has not before been attempted. Such a study might prove to be an addition to the existing knowledge of the microbial population of oxidation ponds. Spiral bacterial forms from such ponds were enriched and isolated according to the procedures given below. The cultural characteristics of the isolates obtained are reported and have lead to the clear separation of a new species of the genus Spirillum, a description of which is given.
METHODS

Method of primary enrichment
Samples of oxidation pond water were taken near the inlet and outlet of a primary oxidation pond. The samples were first agitated in a macerator (Townson and Mercer, Croydon, England) for 10 sec. and then enrichment cultures were made in 250 ml. cotton-wool stoppered Erlenmeyer flasks by mixing 50 ml. inoculum with equal volumes of the following media :
Medium (a). An infusion of 1 g. dried grass (small pieces) in 100 ml. distilled water at 100" for 1 hr., keeping the volume constant. This infusion was used as it was, or with the solids filtered off. 
Medium ( c ) .
A basal medium of the following composition: K2HP04, 1.0 g.; (NH,),SO,, 1.0 g.; NaCl, 1.0 g.; MgSO,. 7H20, 1.0 g.; MnSO, and FeCl,, one drop of a 1 % (w/v) solution of each; peptone (Evans), 1.0 g.; distilled water 1000 ml.
Glucose, fructose, ethanol, glycerol, calcium lactate, cellulose powder (Whatman standard grade) and cellobiose were used as sources of carbon, at 1.0 yo (w/v) . With the exception of glucose, fructose and cellobiose of which solutions were Seitzfiltered and added to the heat-sterilized medium, all other carbon compounds were added before sterilization a t 121" for 15 min.
After mixing with the inoculum the pH value of the mixtures were checked and when necessary adjusted to pH7.0 with diluted NaOH or HCl. All flasks were incubated a t 30".
Isolation of pure cultures All enrichment cultures were first examined microscopically for the presence of spiral bacteria. The different morphological types were noted and an attempt then made to isolate a representative of each of the morphological types.
To allow the spirilla to become dominant i t was often necessary to do serial enrichment cultures. This was done by the capillary tube method described by Rittenberg & Rittenberg (1962) . This method made it possible in a few cases to separate the spiral forms, to a certain extent, not only from non-motile forms, but also from motile forms other than spirilla. The media used here were (Difco) nutrient broth or medium (c) with cellulose as carbon source.
After incubation of these subenrichment cultures for 2 days a t 30°, no difficulty was encountered in isolating pure cultures by streaking on nutrient agar and/or cellulose-supplemented medium (c) + 1.5 yo Bacto agar.
I n all the primary medium ( c ) + cellulose enrichment cultures, a giant spiral bacterium was noted. All attempts to isolate this bacterium by the above methods were unsuccessful. However, pure cultures were eventually isolated by using the dialysis bag method of Rittenberg & Rittenberg (1962) . Colony form. Cultures were grown on (Difco) nutrient agar, and on potato glucose agar (adjusted to pH 7-0 with sodium carbonate). Colony form was recorded after incubation for 2 days.
Identification of isolated spirilla Observations and staining technique.
Oxygen requirements. These were tested by the shake tube method with 15 ml. Nitrate reduction. Nitrate broth (Difco) with Durham fermentation tubes, was used. Cultures were tested with Griess-Ilosvay's reagents (with dimethyl-ccnaphthylamine) after 5 days. Zinc metal was added to the negative cultures and when found again negative, tested for ammonia with Nessler's reagent.
GeEatin hydrolysis. Stab cultures were made in Difco nutrient gelatin and incubated at 20" for 14 days.
CataEase production. Growth from a 24 hr. nutrient agar slope was placed into a drop of '10 vol.' H,O, solution and examined for production of gas bubbles.
UtiZization of carbon compounds. The method of Williams & Rittenberg (1957) was used. Carbon sources were added to 0.2 yo (w/v) in Giesberger's basal medium.
Organic acid solutions were neutralized with KOH and sterilized separately by autoclaving momentarily at 11 1 O before adding to basal medium.
RESULTS
Primary enrichment media By microscopical examination of the primary enrichment cultures, it was observed that the different media differed in selectivity for spiral organisms. For example, medium (c) + 1 yo (w/v) cellulose powder allowed the growth of a large spiral organism and numerous small spiral bacteria. From the various enrichment media, representative spirilla were eventually obtained in pure cultures which could be classified into four different morphological groups. The number of isolates and some measurements of the different groups are given in Table 1 . The organisms of all cultures were Gram-negative with bipolar tufts of flagella and, except for group I organisms, all groups showed volutin granules. Colony form. The colonies of the spirilla isolated had a characteristic granular appearance. Colony formation was good on nutrient agar and on potato glucose agar. The general appearances corresponded to those described by Williams & Rittenberg (1957) . On no occasion, however, was it possible to obtain group IV ( pH range. The pH ranges over which growth occurred in a defined medium with lactate was as follows: group I, below 5-0 to more than 9.0; group 11, from 5-0 to 8.0, not at 9.0; group 111, from 6.0 to 8-0, not at 9.0. Group IV organisms grew in cellulose enrichment medium (i.e. not in pure culture) between pH 6.0 and 7.5.
Apart from morphological differences between the groups, the biochemical activities also differed markedly.
Nitrate reduction. Group I organisms reduced nitrate, the isolates of the other groups did not. Group I isolates reduced nitrate to nitrite after 24 hr. and completely to ammonia in 48 hr.
Gelatin hydrolysis. Only organisms of group I11 showed weak gelatin hydrolysis after 14 days.
Catalase reaction. All cultures were catalase-positive. The catalase reaction of group I1 organisms was strong, while that of groups I and I11 was so weak that it was a t first thought to be negative.
Utilization of carbon compounds. The ability to utilize organic compounds as sole carbon source is summarized in Table 2 . 
DISCUSSION
From the data obtained, the morphological groups I, I11 and IV were found to be made up of the following species : Spirillum itersonii, S . serpens and S . volutans, respectively. The dimensions of the organisms of group I1 closely resemble those of S . mancuniense, but differed in that they were all strongly catalase-positive, grew well in Difco nutrient broth and potato glucose agar and did not liquefy gelatin. The organisms of group I1 also differed from those species described and classified by Williams & Rittenberg (1957) ; they are aerobic, do not grow anaerobically in the presence of nitrate, and form microcysts in old cultures. Their size and metabolic reactions differed from those of other freshwater microcyst-forming spiral bacteria Spirilla from oxidation ponds 407 so far described. It is not known whether these organisms are to be found only in oxidation pond water. Because the organisms of group I1 are the only unknown spirillum species isolated, the name S. peregrinum has been given to these organisms. It is interesting to note that, apart from the two well-known species Spirillurn itersonii and S . serpens, S. volutans also occurred very frequently in the oxidation ponds. The cellulose enrichment cultures, made from samples from various sewage works, were all positive for this organism; such sewages therefore seem to be a natural habitat of this organism.
Spirillum peregrinurn sp .nov.
Growth in nutrient broth and Evans peptone (1 yo w / v ) water. In 18-24 hr. cultures theorganisms areusually 6-0plong, with aspiralwidthof 2 . 3 ,~ and a diameter of 0-8 p.
The organisms usually have a S-shape and when not it can be seen that the organism is composed of two or more S-shaped units. Tufts of flagella are formed at these joints (Pl. 1, fig. 1 ). Only a few organisms showed a granular appearance. I n 2-to 3-week cultures, a white sediment formed, consisting of non-motile organisms and microcysts. The supernatant fluid, however, contained organisms of various spiral forms : some were short, thick, fast-moving organisms, others formed perfect rings with the ends open and of diameter 7.5 p ; the others were spiral organisms 22.5 , u long with a spiral pitch of 9.0 ,u and a spiral width of 3.7 p. All organisms had a granular appearance, probably due to volutin granules (Pl. 1, fig. 2 ).
Growth in defined media containing lactate and pyruvate. Apart from the abovementioned forms, numerous long tightly coiled organisms appeared in these media ; of length 37 p, diameter 0-7 p, spiral pitch 1.5 ,u and spiral width 1.5 p. Typical appearances are shown in P1. 1, fig. 3 .
Microcysts. Microcysts are formed in 1-week and older cultures, are oval to ellipsoidal in early stages of formation, becoming spherical on ageing, the average diameter being 3.5 p. Although non-motile, these microcysts possessed polar tufts of flagella (Pl. 1, fig. 4 ). All organisms were Gram-negative with bipolar tufts of flagella.
Colonies on nutrient agar. 
